Substitution of His59 converts CD39 apyrase into an ADPase in a quaternary structure dependent manner.
The two transmembrane domains of CD39 ecto-apyrase regulate the formation of fully active homotetramers. We show that mutations in apyrase conserved region 1 (ACR1) have two dramatically different sets of effects determined by whether they occur in intact tetramers or in disrupted tetramers or monomers. In intact tetramers, substitution of H59 in the rat brain CD39 ACR1 with G or S abolishes more than 90% of the ATPase activity but less than 50% of the ADPase activity, converting the enzyme into an ADPase with relative ADP:ATP hydrolysis rates of 6:1 or 8:1, respectively. In contrast, the same substitutions in tetramers lacking either transmembrane domain, in monomers lacking both transmembrane domains, or in detergent-solubilized full-length monomers have no effect on ATPase activity and increase ADPase activity approximately 2-fold, resulting in equal ATPase and ADPase activities. N61R substitution has a much smaller effect on the ADPase:ATPase ratio in both cases. While the data for truncated and monomeric constructs are consistent with the proposed role of ACR1 as the beta-phosphate binding domain by analogy with the actin/hsp70/hexokinase superfamily, the finding that H59 substitutions in full-length CD39 primarily diminish the ATP hydrolysis rate suggests that ACR1 may play a different role in intact tetramers. We propose that CD39 uses different ATPase and ADPase mechanisms in different quaternary structure contexts, and that H59 in ACR1 plays a central role specifically in ATP hydrolysis in intact tetramers.